Snäll, T., Ribeiro Jr., P. J. and Rydin, H. 2003. Spatial occurrence and colonisations in patch-tracking metapopulations: local conditions versus dispersal. -Oikos 103: 566-578.
cation of Levins's (1969) original metapopulation model. Thomas and Hanski (1997) concluded that the classical metapopulation model can predict short-term dynamics well, but that the changing landscape must be considered for understanding long-term species persistence.
These conceptual models do, however, not open for a dynamics of patches that is fast enough to determine the extinction rate of species in the landscape. Many insects, vascular plants, lichens, fungi and bryophytes are confined to trees in a forest landscape (Lowman and Nadkarni 1995) . The long-term ability of such species to track the host trees determines their longterm persistence and local extinctions can be driven by patch destruction, as the trees fall. However, the relative importance of factors influencing colonisations and extinctions in these systems remains unclear.
Local environmental conditions can be important in the colonisation process as shown for epiphytic bryophytes and lichens (Sillett et al. 2000) . Furthermore, several epiphytic plants have been shown to be dispersal limited or to have an aggregated spatial structure (Overton 1996 , Hazell et al. 1998 , Heegaard and Hangelbroek 1999 , Kuusinen and Penttinen 1999 , Dettki et al. 2000 , Hedenås 2002 . Theoretical studies that take the dynamics of patches into account, indicate that the rate of patch dynamics and local extinction may be more important than the spatial landscape connectivity or population processes for species persistence (Fahrig 1992 , Hanski 1999a , Keymer et al. 2000 .
For predicting the spatiotemporal dynamics and the effects of habitat fragmentation on species persistence in dynamic real landscapes, reliable landscape scale species dispersal functions are required (Hanski 1999a) . Different field approaches have been used to estimate dispersal functions. Animal ecologists often adopt mark, release, re-capture studies over extensive areas (Bennetts et al. 2001) . Foresters or tree ecologists have used similar methods and trapped seeds up to 1600 meters from the source (Greene and Johnson 1995) , while bryoecologists have been mainly focused on fine scales and trapped spores only up to 15 meters away from the source (Stoneburner et al. 1992) . A different approach to estimate the dispersal function used by animal ecologists is to fit the incidence function model (Hanski 1994b , Moilanen 2000 to the occupancy pattern of a metapopulation assumed to be in colonisation-extinction equilibrium, and we use a similar approach in our study.
We study the relative importance of local patch conditions and dispersal limitation for regional species patterns and dynamics. Our study species are epiphytic bryophytes confined to the bark of aspens (Populus tremula) in the Fennoscandian boreal forest landscape. Aspen trees are discrete patches and therefore share properties with metapopulation patch systems. And because of the relatively fast dynamics of these early successional trees (Zackrisson 1985) , this patch system furthermore offers an opportunity to address questions regarding the importance of patch dynamic for metapopulation persistence. Since the relative importance of patch conditions and dispersal is species specific, it is, as pointed out by Hanski (1999b) , especially informative to study congeneric species differing in dispersal strategies. Our study species are the epiphytic bryophytes Orthotrichum speciosum and O. obtusifolium, which have different dispersal strategies.
The first aim of our study was to investigate the relative importance of tree ( = patch) and environment conditions, and dispersal limitation for the distribution patterns of the two species in the landscape. A second aim was to investigate the relative importance of these variables for the colonisation probability, and fit dispersal functions based on the incidence function model approach (Hanski 1994b) .
In a concluding section, we propose a conceptual model for the spatio-temporal dynamics of species confined to discrete patches with connectivity dependent colonisations, and extinctions governed by the turnover of the patches -the patch-tracking metapopulation model.
Material and methods

Study species and landscapes
Orthotrichum speciosum (Nees) is monoicous and dispersed by spores with diameter 20 -28 mm (Nyholm 1998) . O. obtusifolium (Brid.) is dioicous, produces spores with diameter 20 mm (Nyholm, 1998) , but is also dispersed by gemmae, asexually produced outgrowths from the leaf surface of size up to 100 mm (Lewinsky 1993) . Both bryophyte species grow on the bark of tree species with high bark pH and nutrient content (rarely on rocks or boulders), and both are epiphytes that do not affect host tree vitality. In Fennoscandian boreal forests the main host is aspen (Populus tremula L.) but both species also grow on goat willow (Salix caprea L.), rowan (Sorbus aucuparia L.) and birch (Betula spp.).
The study was conducted in the middle boreal vegetation zone near Kuhmo, 29°14%E) . Because the factors that explain species distribution patterns might be altered by management history, we studied two areas, Leppivaara and Teeri-Lososuo ('landscapes' hereafter), which were separated by 8 km and mainly differed in their forest management history (Table 1) . The Leppivaara landscape was heavily fragmented by modern clear-cutting forestry, and aspen density was reduced by ringbarking and hatching 1970 -1995. The Teeri-Lososuo landscape was an old-growth nature reserve not affected by modern forestry. 
Field measurements
In both landscapes aspen trees including snags (broken trees) and logs (dead, lying trees) were mapped using differential GPS. Trees were only included if their diameter at breast height (1.3 m, DBH) was at least 15 cm or, for snags broken below breast height at the breaking point. Only trees and snags with more than 10% bark cover and snags higher than 1 m were considered potential substrate patches. In Leppivaara we searched for the study species on other tree species (Salix caprea, Sorbus aucuparia) and on rocks, without finding them. We also searched for both study species on 63 living aspens with a DBH B 15 cm. Orthotricum speciosum was found on two and O. obtusifolium was found on six of those aspens at a very low abundance. We therefore considered DBH ] 15 cm as a good definition of a suitable substrate patch for our study species in the two landscapes. We use 'aspen' as a term for potential substrate patch of the studied species. The term 'habitat' is used for an area of an extent suitable for describing the abiotic factors of major importance for our study species on an aspen.
Aspens (as defined above) and logs with a minimum coarse-end diameter of 10 cm were mapped in 1997 and 1998 in Teeri-Lososuo and Leppivaara, respectively. The study species were inventoried in July -August 2000 and 1999 in the two landscapes, respectively. For each aspen a number of variables were recorded. In Teeri-Lososuo, we registered species occurrence (presence/absence) and estimated species abundance ('local abundance' hereafter) on a log scale (breakpoints 0, 1, 10 cm 2 …), but used aritmetric class mid-values in the analysis. In Leppivaara we only registered species occurrence, but furthermore registered occurrence of spore capsules (presence/absence). For O. speciosum this was easy, but the number of aspens with O. obtusifolium that carried spore capsules was underestimated because these spore capsules are less conspicuous and hard to spot from the ground (as we confirmed by climbing some aspens).
For each aspen we recorded the following independent substrate patch and local environmental variables: diameter at breast height (DBH), the depth of bark crevices 50 cm above the ground, whether the aspen was alive (0) or dead (1), and whether it was a fullheight aspen (0) or snag (1). We used two variables as proxies for aspen quality for our study species. First, we estimated the abundance of the epiphytic bryophyte Ptilidium pulcherrimum (G. Web.) up to 2.3 m for each aspen on the log scale mentioned above. The choice was based of the results of Gustafsson and Eriksson (1995) which indicated that abundance of P. pulcherrimum was related to some bark and soil chemistry properties in opposite direction compared to O. speciosum. Second, since rainwater percolating through coniferous tree branches might affect aspen bark chemistry and bryophyte viability, we noted if a branch from a spruce touched the aspen stem (1) or not (0). We estimated soil moisture for a 2 m radius zone around each aspen on a four-level ordinal scale (Anonymous 1997), where 1 was dry (ground water level \ 2 m below soil surface), 2 was mesic (ground water level 1 -2 m below soil surface), 3 was mesic-moist (ground water levelB 1 m below soil surface, flat ground), and 4 was moist (ground water level B 1 m below soil surface, visible in hollows). We estimated degree of shade on a four-class ordinal scale where 1 was fully exposed during \ 80% of the day, 2 was fully exposed during 50-80% of the day, 3 was half shade or total shade during most of the time, though in total shade B 90% of the day, and 4 was in total shade \ 90% of the day (full details in Snäll and Jonsson 2001) .
Statistical analysis
To model the pattern of occurrence we started by considering a generalised linear model (GLM, McCullagh and Nelder 1989) , with a binomial error distribution and a logit link function (logistic regression). A standard GLM assumes independence of the observations. If the demand for independence is not met the standard errors (SE) associated to the estimates of the regression coefficients will typically be underestimated (McCullagh and Nelder 1989) . In our analysis we opened for existence of residual spatial correlation, by using the generalised estimating equations (GEE) approach (Liang and Zeger 1986) where the adjustment of the standard errors was based on a variogram model fitted to the residuals of the standard GLM. This approach suggests that an empirical variogram of the GLM residuals can be used as a diagnostic tool to check for the presence of spatial correlation.
To interpret the biological mechanisms behind the distribution patterns of the species in the landscape we incorporated two non-linear spatial variables in the GLM, which are connectivity measures (Hanski 1999b ). The expanded model was therefore a generalised nonlinear model, GNLM hereafter, given by
where for the i-th tree, the binomial parameter u i was the probability of bryophyte occurrence, x im was a measurement of the m-th substrate or environmental variable assumed to affect u i , and b m was the associated regression parameter. The first spatial variable S(T) accounted for the relation between the occurrence of the bryophyte on tree i and the abundance N j of the species on the surrounding trees. The parameter g 1 could be seen as a transformation of the N j value, controlling the shape of the relation between abundance and diaspore output. In Leppivaara, abundance was not measured and thus g 1 =0. The variable p j equalled 1 if the species occurred, and 0 if the species did not occur on aspen j. The influence of each surrounding tree was quantified by a negative exponential function of the distance d ij in meters between the tree i and each neighbour j. The rate of decay was controlled by a 1 , a parameter to be estimated from the data. The values of S(T) computed for aspens near the edges of the landscape were potentially biased since we did not have data on occurrences outside the studied landscapes. Therefore, we only analysed aspens i at least 150 m from the edges, and only included neighbouring aspens j within a radius (max d ij ) of 150 m in S(T).
The second spatial variable S(L) expressed connectivity to aspen logs and reflects the local historical connectivity, under the assumption that logs had previously been occupied aspens and potential sources for dispersal. The effect of the logs was weighted by their diameter D k , because the probability of bryophyte occurrence increases with aspen diameter (Hazell et al. 1998) . Distances d ik , and parameters a 2 and g 2 had the same interpretation as for S(T). When computing S(L) we again only included logs within 150 m from tree i.
We first tested the effect of all substrate and environmental variables one by one and selected those fulfilling a criterion of corresponding coefficients with P-values less than 0.40 for futher modelling. We then built multiple starting models with these variables, and included biologically reasonable two-way interactions and powered terms to account for non-linearities. Each starting model was simplified using stepwise variable selection minimizing the AIC (Akaike's information criterion, Akaike 1974) defined by AIC = −2l +kp where l is the maximised likelihood and p is the number of parameters in the model. We set k =4, which is equivalent to the use of P =0.05 (McCullagh and Nelder 1989).
The resulting models were then expanded by adding one, or both spatial variables S(T) and S(L). We judged the significance of the spatial variables(s) and parameters based on the likelihood ratio test (Azzalini 1996) , which is appropriate for nested models (McCullagh and Nelder 1989) . But because of their non-linearity, the x 2 -distribution approximation is rough, and exact Pvalue would have required computer intensive bootstrap estimation. We therefore do not report P for these variables but the critical value is between x 2 0.05, 1 = 3.84 and x 2 0.05, 2 = 5.99. The approximate 95% confidence intervals for the non-linear parameters were based on the profile likelihoods (Hudson 1971) . After selecting final models including spatial variables we performed further diagnostics checks: the spatial correlation parameter of the variogram was negligible, and modelling over-dispersion did not change the selection of the variables in the final models.
To identify factors affecting bryophyte dispersal and successful colonisation we analysed sub-sets of our data. Among live aspens we selected all non-occupied aspens, and all aspens with low local abundance ( 5 100 cm 2 , Teeri-Lososuo, both species) or with sterile local occurrence (Leppivaara, only O. speciosum) under the OIKOS 103:3 (2003) 569 > > assumption that these low-abundance and sterile occurrences reflected recent colonisations. By modeling uncolonised (0) and recently colonised (1) trees, we thus assumed to have indentified the factors which affected the recent successful bryophyte colonisations. For simplicity we hereafter refer to this as 'recent colonisations'. To include a connectivity measure that reflected diaspore source size, we here set p j to 1 in S(T) if the local abundance of the bryophyte was \100 cm 2 (Teeri-Lososuo data) or if an O. speciosum spore capsule had been found (Leppivaara data). Orthotricum speciosum almost always had spore capsules when the local abundance exceeded 100 cm 2 . The statistical analyses were performed using the software R version 1.3.0 (Ihaka and Gentleman 1996) with the add-on libraries geoR version 1.0-8 (Ribeiro and Diggle 2001) and MASS version 6.2-7 (Venables and Ripley 1999) , all available at http://www.rproject.org. We wrote our own functions to fit the GNLM and to compute the profile likelihoods.
Results
General characteristics of study sites and species occurrence
In the old-growth Teeri-Lososuo landscape, the high volume of the growing stock and the tree species composition reflected the higher stand ages compared to the heavily fragmented forests in Leppivaara (Table 1, Fig.  1 and 2 ). The density of aspen was much higher in Teeri-Lososuo. Aspens were found in a wide range of stand age classes and the solitary ones in the young stands of Leppivaara were retained trees and probably constituted a small proportion of the aspen volume of the former stands.
The occupancy (proportion of aspens occupied) of both species was higher in Teeri-Lososuo (Table 1) . Both occupancy and abundance were lower for O. speciosum than for O. obtusifolium. The proportion of occurrences having sporophytes was higher for O. speciosum but most probably somewhat underestimated for O. obtusifolium.
General notes on the connectivity parameters
When we tested the effect of the spatial connectivity S(T) or S(L), no significant improvement was achieved by adding both spatial variables. We also considered reduced versions of the spatial variables, either by removing the transformation parameter g, or without accounting for the abundance N j or the diameter of logs D k . Analytically, this corresponds to fixing g= 1 and g=0, respectively. None of the models were significantly improved compared to fixing g= 0, therefore the estimates of g are not reported. Thus, including information on species abundance on the neigbouring aspens in S(T), or diameter of the logs in S(L) did not significantly improve predictions of occurrence and recent colonisation of our study species in the landscape.
Variables affecting the occurrence and colonisation of O. speciosum
The occurrence of O. speciosum was explained both by aspen characteristics and local environmental conditions (Fig. 3a) . Large trees were clearly important, and as a tree died and broke, it became less suitable as indicated by the negative regression coefficients. Shading had a positive effect.
After accounting for aspen characteristics and shade, presence in Leppivaara was clearly related to connectivity to other occupied aspens, S(T). The estimated scale of the spatial structure was small, considering the estimated value of a 1 = 0.06 (Table 2 , Fig. 4) . In TeeriLososuo connectivity was not significant (Fig. 3a) . The probability of O. speciosum occurrence was not related to connectivity to logs, S(L), in either of the study areas (Fig. 3a) .
The relative importance of the variables differed between landscapes (Fig. 3a) . In Teeri-Lososuo the occurrence probability of O. speciosum was explained by aspen diameter and decreased substantially if the aspen was dead. In Leppivaara, shade showed to be most important, and connectivity was as important as aspen diameter.
In Teeri-Lososuo, the probability of a recent colonisation was explained by our proxy variables for substrate quality: the probability decreased with increasing P. pulcherrimum abundance, and was lower if a spruce branch was touching the aspen stem (Fig. 3a) . As the most important single variable, connectivity to trees where O. speciosum was abundant increased the probability of recent colonisation of O. speciosum. The high value of a 1 indicated a steep dispersal function (Fig. 4) . Aspen diameter was not significant for recent colonisations (and this was not an effect of the data selection because the mean diameters of the selected and nonselected aspens were not different, t = 0.65, df = 403, P= 0.52).
In Leppivaara, the probability of a recent colonisation of O. speciosum was mainly affected by shading, and to a lesser extent by tree diameter and by connectivity to aspens with fertile O. speciosum (Fig. 3a) .
Variables affecting occurrence and colonisation of O. obtusifolium
Aspen characteristics and local environment (Fig. 3b) explained the occurrence of O. obtusifolium. This spe- Fig. 3 . Variables of the final generalised non-linear models (GNLM) for probability of occurrence (all occurrences), and probability of colonisation (recent colonisations) in the two study areas of (a) O. speciosum, and of (b) O. obtusifolium. The reduction in residual deviance and associated P-value for adding the variables to the GNLM in order from left to right is presented. P-values are not calculated for the spatial variables (see Statistical analysis). The sign of each b-value of the GNLM is represented by bar patterns. P. pulch and Spruce refer to Ptilidium pulcherrimum abundance and spruce branch touching the aspen stem, respectively. cies was particularly favoured on large, shaded aspens, while increasing abundance of Ptilidium pulcherrimum (proxy for substrate quality) negatively affected the occurrence probability. In Leppivaara, shade itself had a negative effect but the interaction with aspen diameter was positively related to O. obtusifolium occupancy.
No effect of connectivity, S(T), was observed in Teeri-Lososuo after accounting for the aspen characteristics and local environment (Fig. 3b) . In Leppivaara, however, higher connectivity to occupied aspens increased the probability of occurrence.
The variables differed in importance as judged by their effects on deviance (Fig. 3b) . Aspen diameter was the most important one in both landscapes. In Teeri-Lososuo, the variable dead was the second most important regressor while in Leppivaara shade was. Connectivity explained less of the variation.
The probability of a recent colonisation increased with aspen diameter and decreased with higher abundance of P. pulcherrimum (proxy for substrate quality), but was independent of connectivity ( Fig. 3b) . The classical metapopulation explanation for the positive relation between patch size and occurrence probability is that large patches host larger populations with lower extinction risk (Hanski 1999b) . In contrast, the processes explaining the positive relation for an epiphytic bryophyte are largely restricted to mechanisms affecting the colonisation probability. Tree diameter reflects target area for colonisation (Hazell et al. 1998 ). However, diameter had no strong effect in our analysis of recent colonisations and explained relatively little of all occurrences compared to other variables. Instead we agree with Rose (1992) who stressed the importance of time, as reflected by diameter, under which the tree has been available for colonisation. The strong relative positive effect of diameter for O. obtusifolium, producing asexual gemmae, was no surprise (Fig. 3b) . We think that it is mainly dispersed by animals, earlier shown to be bryophyte dispersal vectors (Kimmerer and Young 1996) , and these animals can be expected to mainly visit large trees. The bark of large trees is porous and can be assumed to contain more water (Young 1938) , which is important in the diaspore establishment in bryophytes (Li and Vitt 1995) . Barkman (1958) hypothesised that germination conditions are particularly suitable at bark fissures and wounds, which are more common on large trees.
The low occurrence probability on dead trees and snags indicates local deterministic extinctions as bark is lost or the upper part of the trees has fallen. Furthermore, bark moisture and chemistry could differ between living and dead trees and the latter offer smaller target area for colonisation. This negative effect is particularly important in the old-growth Teeri-Lososuo where a larger proportion of the aspens are dead (Table  1) .
We have three explanations for the large positive effect of shade: (1) shading increases air humidity and substrate moisture, which favours moss establishment (Li and Vitt 1995) . (2) The bark of dead trees and snags fall off earlier under sun exposure, causing earlier local deterministic extinction of the bryophytes. (3) Dry mosses are often fragile, and Orthotrichum colonies are likely to fall off more easily under dry, sun-exposed conditions. Note, however, that this positive effect of shade is expressed only in the fragmented Leppivaara landscape with many trees exposed on clear-cuts, and that the effect of shade there is even larger than the effect of diameter. We think that the two first explanations are most likely because we found O. obtusifolium and fertile O. speciosum occupying retention aspens in two 20-year old, 4 -5 meters high pine stands. Furthermore, Hazell and Gustafsson (1999) found that the epiphytic bryophyte Antitrichia curtipendula after approximately two years still occupied 99% of the aspens on clear-cuts to which it had been transplanted. The probability of a recent colonisation of both species was negatively related to the two proxy vari-
Discussion
Our results show that host tree characteristics as well as local environmental conditions and connectivity are important in explaining the distribution patterns of epiphytic bryophytes in forest landscapes. These factors are related to the colonisation of trees, local population growth, dispersal, and extinctions. These fundamental demographic processes not only characterise the regional dynamics of classical metapopulations (sensu Harrison and Taylor 1997) but are also key processes in other conceptual models for regional dynamics of species confined to discrete patches; the source-sink model (Pulliam 1988) , the habitat-tracking model (Thomas 1994) and the remnant species model (Eriksson 1996) . But these models disregard or underestimate the relative importance of a process which is important for the spatio-temporal dynamics of many species, namely the spatial dynamics of the patches. By the end of the discussion we therefore propose a conceptual model for species confined to patches with a high turnover rate.
Effects of substrate and environmental variables
The importance of patch size for species richness of a wide range of organism groups is well established (MacArthur and Wilson 1967) . Bryophyte epiphytic communities, for which tree size is the appropriate patch size measure, are no exceptions (Ojala et al. 2000) . Species richness patterns summarise the occupancy patterns of individual species, which are often positively related to patch size for both animals (Hanski 1994a) and plants (Nilsson and Nilsson 1978) . In our study, substrate patch size (diameter) was important. This has been shown earlier for O. speciosum, but not for O. obtusifolium (Hazell et al. 1998 ).
ables for bark chemistry, the abundance of Ptilidium pulcherrimum and if a spruce branch was touching the aspen stem. This may indicate that the bark of some aspens are chemically less suitable for our study species.
Spatial structure and dispersal
Aggregated spatial patterns of species in landscapes are usually interpreted as a result of interspecific interactions, aggregated suitable environments or dispersal limitation (Lepš 1990 ). It is difficult to distinguish between these mechanisms. We cannot think of any mechanism for interaction among epiphyte species that might cause an aggregation in our study system. But, in spite of the problems of inferring processes from patterns, we believe that the effect of connectivity in some models reflects high importance of dispersal limitation in determining the distribution pattern of epiphytic bryophytes in the landscape.
We think that the models for recent colonisations in Teeri-Lososuo have accurately captured the recent colonisation process. For O. speciosum this model shows that spatial connectivity is more important than any of the local variables, but not quite as important as the sum of their effects. Our test for the importance of connectivity is conservative as we added spatial connectivity as the last variable in a sequential analysis of variables known to affect bryophyte distribution patterns. Dispersal limitation is also supported by the fact that S(T) for all occurrences in Teeri-Lososuo was not significant, there is thus not a significant overall spatial structure, while S(T) was significant for the recent colonisations. Furthermore, the a 1 estimates in the models for small occurrences of Teeri-Lososuo and all occurrences of Leppivaara were relatively similar, 0.12 and 0.06 respectively, and had similar confidence intervals (Table 2 , Fig. 4) .
The negative estimate of a 1 the Leppivaara model (Table 2 ) may seem counterintuitive, but can be explained as an effect of the maximum d ij =150 m, meaning that more distant aspens were not included as j-trees (sources) in S(T). Note first that aspens with fertile O. speciosum (source trees) were rare, and often there were unoccupied, or no aspens very close to them (Fig. 1) . Within 150 m from the source trees there were several recent colonisations, but these were often situated 100 -150 m from the source trees. The best fit to such a pattern is given by a negative a 1 , which switches the curve in Fig. 4 to an increasing exponential function instead of a decreasing one. In short, the near surrounding (0-100 meters) did not affect recent colonisations while there was a positive (positive b T ) effect of source trees further away (but within 150 meters). And because of the unrealistic a 1 estimate in the Leppivaara model for O. speciosum, we cannot draw any conclusion of relative importance of connectivity from that model ( Table 2 , Fig. 4 ).
The dispersal ability given by a negative exponential model with a 1 = 0.12 (expressed with meter as distance unit) on a scale of 150 meters (Table 2) is high compared with dispersal functions estimated from fine-scale experimental studies of bryophyte spore dispersal (Sö derströ m and Jonsson 1989 , Miles and Longton 1992 , Stoneburner et al. 1992 , Kimmerer and Young 1995 . Note, however, our wide confidence interval for a 1 -this is an important piece of information, which is often not reported. The maximum trapping distance tested in the bryophyte studies was 15 m, and only up to 2% of the spores released were recaptured within 15 m from the source (Stoneburner et al. 1992) . However, in such experiments the highest spore release height was 1.5 m. Our function with the mean estimate a 1 = 0.12 would predict that 17% of the colonisations occur beyond 15 meters. The spores of O. speciosum in TeeriLososuo are released at a height interval of approximately 2 -15 meters, which will enhance the dispersal distance (Stoneburner et al. 1992) . Further, our estimate of the dispersal ability is high compared to observed seed dispersal by birds in mistletoes (Overton 1996) , and compared to what has been used in dynamic bryophyte modelling (Herben and Sö derströ m 1992) . The a estimate for the epiphytic lichen Lobaria pulmonaria has been reported to be 0.01 (Gu et al. 2001 , transformed into meters), but it is difficult to compare the estimates because of the different analytic approaches.
For O. obtusifolium, the aggregated pattern in Leppivaara seems best explained by aggregation of suitable environments.
Perspectives -the patch-tracking metapopulation model
The classical metapopulation model (sensu Harrison and Taylor 1997) generalises the regional dynamics of a species confined to discrete, static habitat patches (Fig.  5) . Colonisations are connectivity-dependent and the local population extinction risk increases with decreasing population size, mainly because of demographic or environmental stochasticity. In the habitat-tracking metapopulation model the habitat patches are dynamic, both locally and regionally (Fig. 5, Thomas 1994) . In addition to short-term stochasticity, a local extinction can be a consequence of a gradual long-term patch quality deterioration, which deterministically decreases the population size to extinction. Empirical studies of different organism groups have supported this model (Paine and Levin 1981 , Overton 1996 , QuintanaAscencio and Menges 1996 , Nilsson 1997 , Stelter et al. 1997 , Wahlberg et al. 2002 ). Eriksson's (1996) remnant species model summarises the regional dynamics of many vascular plants (Fig. 5) . A species does not go locally extinct but stays in a dormant stage such as Fig. 5 . Conceptual models for regional dynamics of populations and their patches. The classical metapopulation model and the patch-tracking metapopulation model are end-points on a continuous scale with increasing importance of dynamics of the patches. The classical metapopulation and the source-sink models focus on population dynamics, while the remnant population model focuses on the qualitative dynamics of the patches. In the habitat-tracking metapopulation local extinctions are caused by e.g. population dynamics in the short term, and dynamics of the patches in the long term. In a pure patch-tracking metapopulation extinctions are solely caused by the destruction of the patches, and each new patch appears at a new spatial location. Illustrations of the three left-most models modified from Eriksson (1996) . seeds buried in the seed bank or as remnant, sterile individuals. The population can recover, and dispersal is thus much more over time than over space. The source-sink model explicitly describes population demography and between-patch migration (Fig. 5, Pulliam 1988) . The intrinsic population growth rate in a source patch is larger than zero and emigrating individuals can prevent extinctions in sinks, where the growth rate is negative. Freckleton and Watkinson (2002) reviewed empirical studies and suggested a general classification of the regional dynamics of plants based on the above and other models which assume a static landscape. They argued that patch colonisations (if they occurred) are not necessarily connectivity dependent, and that patches are not necessarily discrete and surrounded by unsuitable matrix.
Among the above models, the epiphyte-aspen system is most similar to the habitat-tracking model. There is a positive relation between patch size (tree diameter) and abundance, but stochastic local extinctions (because of small population size) seem to be rarer in these epiphytes. As evidence we offer the following results from our study of another epiphytic bryophyte, Neckera pennata (Hedw., T. Snäll, unpubl.): among 408 trees occupied by the bryophyte and re-inventoried twice over a 3 -4 yr period, there were only four local extinctions on standing trees, while 41 of the occupied trees had fallen (mostly blown down). Our system is thus closer to the endpoint of a continuous scale of increasing relative importance of dynamics of the patches, compared to spatial structure of the patches for species persistence. In the extreme case, patch destruction rate would completely determine species extinction rate, and we refer to this as a 'patch-tracking metapopulation' (Fig. 5) .
The model stresses, as Fahrig (1992) showed, that the rate of the dynamics of the patches can be far more important than the spatial patch structure for species persistence. Keymer et al. (2000) showed that the effect of increasing patch longevity can be more important for species persistence than that of increasing total patch area. The occupancy response to changing patch longevity is expected to be non-linear, and threshold conditions for long-term persistence can be derived (Hanski 1999a) .
Rather than focusing on the classification of the models, we stress the gradual change in the relative importance of key processes as we go from the classical metapopulation over the other models to the patchtracking model (Fig. 5) . The pure patch-tracking model can be exemplified by a tree-epiphyte system: first, trees establish in the landscape. Then trees become colonised by the epiphyte. On colonised trees, epiphyte abundance will increase, and after some time the species becomes a fertile dispersal source. Extinction will occur independently of epiphyte occurrence or abundance, as the tree falls. Because of dispersal limitation, it takes time for the epiphyte to colonise trees, and for biological reasons even more time for the epiphyte to become fertile. The implications for conservation are that trees must be allowed to grow old enough to permit longterm survival of the epiphyte in the landscape and that new trees must be allowed to establish not too far from occupied ones. Furthermore, predicting extinction risk for these species by simulating their dynamics not only requires accurate parameterisation of the simulation model for the dynamics of the focal species, but accurate parameterisation of the simulation model for the underlying patch dynamics as well. We stress that no species-patch system can be expected to perfectly fit with any of the two end-points represented by the classical metapopulation model and the patch-tracking model. We think that in natural systems close to the patch-tracking model, local stochastic extinctions almost exclusively occur in the early colonisation phase, before the species has become a dispersal propagule source, and the ecological significance of these occupied patches is thus negligible.
We suggest that our model generalises the spatiotemporal dynamics of many epiphytes but also of many other, especially sessile species in different organism groups. Other organisms where colonisations depend on connectivity, and extinctions follow deterministically from patch destruction, and where the patch-tracking model could be valid, are insects inhabiting very temporary patches allowing only one generation, epiphytic vascular plants or lichens, wood decomposing fungi and evertebrates confined to living trees, dead trees, or fungal sporocarps.
